Objective: To assess the prevalence of potential drug-drug interactions (pDDIs) among polypharmacy patients in Jordan using Lexicomp Ò . Additionally, this study aims to categorize and rate the identified pDDIs according to interaction risk, severity, and reliability. Methods: A descriptive cross-sectional study was conducted at six different hospitals representing different public health sectors in Jordan (ministry of health, royal medical services, and university-affiliated hospitals). Polypharmacy patients from outpatient clinics (e.g., cardiology,& and internal medicine) were identified, recruited, and interviewed by clinical pharmacists. pDDIs were assessed using the Lexicomp Ò mobile application and classified according to interaction risk rating, severity, and reliability rating. Furthermore, the prevalence of pDDIs across chronic medical conditions was assessed. P-value <0.05 was considered as significant. Results: A total of 801 patients with polypharmacy were identified. The average number of drugs per patient was 6.6 ± 1.96, with an average of 4.2 ± 3.0 pDDIs per patient. Potential drug-drug interactions were detected in 769 patients (96%), with a total of 3359 interactions. Blood pressure lowering agents were involved in 39.9% of the pDDIs. Cardiovascular system drugs contributed to the largest share of pDDIs (46.6%). While diuretics had the major share of interactions among cardiovascular system drugs (16.2%), drugs used in diabetes had the highest share across all groups (17.1%). The majority of pDDIs were of ''C" risk rating with a moderate interaction severity, whilst 1.6% of pDDIs could have been avoided in the first place as the concurrent administration of these agents is contraindicated (i.e., risk rating X). Patients with cardiovascular diseases, diabetes, chronic obstructive pulmonary disease, gout, and chronic kidney disease were associated with the highest number of potential drug-drug interactions. Conclusion: Our study showed that 96% of polypharmacy patients at outpatient clinics have at least one pDDI. Almost half of the detected interactions involved cardiovascular medications. The majority of these pDDIs had moderate severity, with no more than 10% of the interactions requiring therapy modification.
Introduction
Given the rising tide of patients living with multiple comorbidities, chronic co-prescription of several drugs (i.e., polypharmacy) is becoming more prevalent (Maher et al., 2014) . The exact definition of polypharmacy can vary; however, the most commonly used definition is the simultaneous use of five or more medications (Masnoon et al., 2017) . The combination of these medications is usually recommended by guidelines to manage and control chronic conditions. However, the use of multiple medications simultaneously is associated with undesirable outcomes, primarily due to drug-drug interactions (DDIs) (Maher et al., 2014; Mallet et al., 2007) . DDIs are defined as changes in the drug's effect due to the concurrent addition of another drug for the same or different diseases (Hines and Murphy, 2011) . In DDIs, the physiological response caused by a combination of two or more drugs is different from that induced by the use of each drug alone (Hines & Murphy, 2011) . DDIs can result from pharmacokinetic or pharmacodynamic mechanisms (Mistry et al., 2017) . Pharmacokinetically, a drug can increase the concertation (e.g., leading to toxicity) or decrease the therapeutic effect or concentration of another drug (Corrie and Hardman, 2011) . Pharmacodynamically, the pharmacological effect can be modified at the molecular level (Corrie and Hardman, 2011) .
The severity of DDIs can vary from minor and undetectable to severe enough to negatively affect health and significantly increase treatment costs (Olsen and Sletvold, 2018) . DDIs can occur in any practice setting; however, they are highly prevalent and well studied in hospitalized patients (Mousavi and Ghanbari, 2017) . In the past decade, there has been a growing prevalence of potential drug-drug interactions (pDDIs) among outpatients (Aljadani and Aseeri, 2018; Bucher et al., 2016; Eljaaly et al., 2019; Ismail et al., 2018; Létinier et al., 2019) . The prevalence of pDDIs varies from 16% to 91% in different studies due to variability in the study population, design, setting, and drug interaction screening tools used in each study (Al-Qerem et al., 2018; Ismail et al., 2018; Mistry et al., 2017; Patel et al., 2014) .
DDIs in outpatients can account for over 38% of ADRs (Mirošević Skvrce et al., 2011) and account for 1.1% of hospital admissions (Dechanont et al., 2014) . Several factors were found to be associated with a high prevalence of pDDIs such as patients' age, gender, education, co-morbidities, and number of prescribed medications (Al-Qerem et al., 2018; Ismail et al., 2018; Mistry et al., 2017; Olsen and Sletvold, 2018; Patel et al., 2014) . In some countries, the prevalence of pDDIs among outpatients can be associated with insufficient use of DDI screening tools in outpatient clinics and pharmacies, in addition to the inadequate documentation of medical and medication history (Chatsisvili et al., 2010) .
Although several studies have evaluated the prevalence and severity of pDDIs, studies which evaluate the prevalence of pDDIs among adult polypharmacy outpatients are limited. A recent study reported that 91% of elderly patients in Jordan had at least one pDDI (Al-Qerem et al., 2018) . However, there are no published large-scale multi-center studies which evaluate the prevalence of pDDIs among adult polypharmacy patients at outpatient settings in Jordan. Therefore, this study aims to assess the prevalence and predictors of pDDIs among adult polypharmacy patients at different hospital settings in Jordan. Further, this study aims to categorize and rate the identified pDDIs according to interaction risk, severity, and reliability.
Methods

Study design
In this descriptive cross-sectional study, patients at six different hospitals in Jordan were interviewed. These hospitals represent different health sectors in Jordan: public, royal medical services, and university-affiliated hospitals. This study was approved by the institutional review boards of the university hospitals, the royal medical services, and the ministry of health.
Sample
Patients from outpatient clinics (e.g., cardiology and internal medicine) were recruited and interviewed by clinical pharmacists. The inclusion criteria were: patients !18 years old, had at least one chronic medical condition, and taking at least five medications (i.e., polypharmacy) including all routes of administration (i.e.topical, inhaled, as needed, over the counter, etc). Patients with moderate to severe cognitive impairment or those who did not speak Arabic or English languages were excluded from the study. Patients who met the inclusion/exclusion criteria were given a brief explanation about the study objectives, after which they signed informed consent forms.
Data analysis
Potential drug-drug interactions (pDDIs) were assessed using the Lexicomp Ò mobile application and classified according to interaction risk rating, severity, and reliability rating ( Table 1) . Lexiinteract is considered one of the best performing DDI screening programs. Several previous studies have assessed the performance of Lexi-interact as a DDI screening software (Aljadani and Aseeri, 2018; Al-Qerem et al., 2018; Smithburger et al., 2010) . Lexiinteract was reported to be highly specific (80-90%) and sensitive (87-100%) software in most of these studies (Barrons, 2004; Kheshti et al., 2016; Roblek et al., 2015) .
Lexicomp Ò can be easily accessed and downloaded on smartphones and tablets. pDDIs are defined as the possible drug-drug interactions that may theoretically occur during the concurrent use of two or more drugs (Hines et al., 2012) . Finally, medications that were detected to have potential drug-drug interactions were Table 1 Lexicomp Ò drug-drug interactions rating scales and corresponding categories and definitions.
Rating Scales Categories
Risk Rating: indicates the level of urgency and the actions necessary to respond to an interaction.
A: No known interaction
No evidence to support pharmacodynamic or pharmacokinetic interactions. B: No Action Needed Evidence demonstrate that two drugs may interact with each other, but there is little to no clinical data to support it. C: Monitor Therapy Evidence suggest that the two drugs may interact with each other in a clinically significant manner. The benefits of concomitant use of these two medications usually outweigh the risks. An appropriate monitoring plan should be implemented to avoid potential negative outcomes. D: Consider Therapy Modification Evidence suggests that the two medications may interact with each other in a clinically significant manner. Specific actions must be taken to minimize the toxicity resulting from concomitant use of the medications. X: Avoid Combination The interaction of the two drugs is of clinical significance. The risks of concomitant use of these drugs usually outweigh the benefits and generally contraindicated.
Severity Rating: indicated the magnitude of an interaction outcome
Major: the interaction is possibly lifethreatening or may cause permanent damage Moderate: the patient's condition may deteriorate due to the interaction. Additional care may be required.
Minor: an interaction that is inconvenient, but otherwise not medically detrimental.
Reliability Rating: indicates the quantity and nature of documentation for an interaction.
Poor; Fair; Good; Excellent.
Adapted from: https://www.wolterskluwercdi.com/facts-comparisons-online/userguide/tools-interactions/ accessed Feb 1 st , 2019.
categorized according to the Anatomical Therapeutic Chemical classification system (ATC; World Health Organization, 2019).
Descriptive statistics were used to analyze the data, and the results are presented as percentages and frequencies. Univariable analyses were performed to evaluate the effect of covariates (patients' characteristics and medical conditions were analyzed as categorical variables, while age and body mass index were analyzed as continuous variables) on the occurrence of pDDIs. In order to control for the confounding variables, variables showing association in the univariable analyses (p < 0.2) were included in the multivariable linear regression analysis (using the stepwise method). All statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version 25.
Results
Characteristics of the study population
A total of 801 patients with polypharmacy were identified in this study. The mean age of the recruited patients was 58.5 years, and 59.7% of the patients were females ( Table 2 ). The average number of drugs per patient was 6.6 ± 1.96 with an average of 4.2 ± 3.0 pDDIs per patient ( Table 2 ). The majority of patients were hypertensive (87.5%) or diabetic (67.5%; Table 2 ). Potential drug-drug interactions were detected in 769 patients (96%) with a total of 3359 interactions.
pDDI prevalence and severity
Overall, there were 116 different medications involved in the detected 3359 pDDIs. According to the ATC classification system, these 116 medications are divided into nine main groups (i.e., first level) and 34 subgroups (i.e., second level). The majority of the detected pDDIs were related to the use of cardiovascular system drugs (46.6%; Table 3 ). While diuretics had the greatest share of interactions among cardiovascular system drugs (16.2%), drugs used in diabetes had the highest share across all groups (17.1%; Table 3 ).
The majority of pDDIs were of ''C" risk rating with a moderate interaction severity (Table 4 ). These potential interactions require an appropriate monitoring plan to detect negative effects and dose adjustments when necessary. Moreover, 8.4% of the potential interactions were of ''D" risk rating indicating potential interactions of clinical significance. Furthermore, 53 out of the 3359 (1.6%) potential drug-drug interactions should have been avoided in the first place as the concurrent administration of these agents is contraindicated (i.e., risk rating X; Table 4 ).
Over 50% of the detected potential interactions could result in one agent (i.e., drug) increasing the adverse drug reactions of the second agent ( Fig. 1) , 35.8% could result in one agent decreasing the therapeutic effect of the second agent, and 11.6% could result in one agent increasing the therapeutic effect of the second agent. In less than 1% of the interactions detected, the two medications were a duplication of therapy (e.g., two Angiotensin Converting Enzyme Inhibitors simultaneously consumed).
Factors associated with potential DDIs
The univariable analysis showed that the number of pDDIs was significantly associated with age (p value <0.001; Table 5 ) and with clinical conditions such as hypertension, diabetes and dyslipidemia (p value <0.001; Table 5 ). Meanwhile, the number of pDDIs was found to be negatively associated with education and with asthma (p value <0.001; Table 5 ). On the other hand, some demographic variables (e.g., gender, marital status, and BMI) and clinical condi-tions (e.g., hyperthyroidism, liver disease, and depression) were not significantly associated with the number of pDDIs.
The multivariable linear regression indicated that patients with chronic obstructive pulmonary disease (p = 0.002), gout (p = 0.003), heart failure and chronic kidney disease (p <0.001) were highly associated with the number of pDDIs (Table 5) . Meanwhile, a negative association remained evident between education and the number of pDDIs (Table 5 ). This means that patients with higher levels of education (i.e., post-secondary) are at a lower risk of developing multiple pDDIs.
Discussion
DDIs are a major public health concern which usually complicate the clinical management of patients especially elderly polypharmacy patients with multi-morbidity. This study was conducted to detect the prevalence and severity of pDDIs among adult polypharmacy outpatients at different hospitals in Jordan.
pDDIs prevalence and severity
In this study, 96% of the adult polypharmacy patients had at least one pDDIs (mean 4.2 ± 3.0 interactions per patient). This is in agreement with Al-Qerem et al., 2018, who reported a 95.6% prevalence of pDDIs in elderly polypharmacy patients in Jordan. The prevalence of pDDIs in these studies conducted in Jordan is high compared with results reported by outpatient studies from other countries (16-91%) (Aljadani and Aseeri, 2018; Ismail et al., 2018; Mistry et al., 2017; Olsen and Sletvold, 2018; Patel et al., 2014) . The high prevalence in this study could be associated with polypharmacy. Studies have reported a significant association between the number of medications and pDDIs (Albadr et al., 2014; Johnell and Klarin, 2007; Olsen and Sletvold, 2018) . The majority of pDDIs reported in this study were of ''C" risk rating (77.8%), while pDDIs with higher risk ratings (D and X) accounted for 10% of the total pDDIs. These findings are comparable to other studies which have reported risk rating of pDDIs (Andersson et al., 2018; Dirin et al., 2014; Doubova, et al., 2007; Jazbar et al., 2018) . Moreover, the majority of pDDIs were of moderate interaction severity (81.8%), while major severity interactions accounted for 8.3% of total pDDIs. Previous studies reported major potential interactions ranging from 5.3% to 32% (Aljadani and Aseeri, 2018; Al-Qerem et al., 2018; Chelkeba et al., 2013; Mistry et al., 2017; Venturini et al., 2011) . This variation in results could be due to the use of different DDIs screening tools (Kannan et al., 2016; Kheshti et al., 2016) and the frequent updates on pDDIs databases.
It is fortunate that the majority of pDDIs identified in this study were of ''C" risk rating with moderate severity. Therefore, they are not expected to have serious or fatal outcomes. However, it is important that these interactions are detected, documented, monitored and discussed with patients.
Factors associated with potential DDIs
In this study, the most common drugs associated with pDDIs were drugs used in diabetes (17.1%), diuretics (16.2%), antithrombotic agents (15.3%), and agents acting on the renin-angiotensin system (12.1%). In concordance, the multivariate linear regression showed a significant association between pDDIs and comorbidities treated with these drugs (i.e., hypertension, diabetes, ischemic heart disease and heart failure). Most of our results, except for results on diuretics, are comparable with another study from Jordan (Al-Qerem et al., 2018) . In a study by Al-Qerem et al. (2018) , agents acting on the renin-angiotensin system had the highest frequency of cardiovascular system drugs contributing to pDDIs. Meanwhile, in other studies, nervous system drugs and drugs for acid related disorders were more common compared to our study (Chelkeba et al., 2013; Farooqui et al., 2018; Létinier et al., 2019; Olsen and Sletvold, 2018) .
The association between co-morbidities and pDDIs has been described in several studies (Lin et al., 2011; Patel et al., 2014; Subramanian et al., 2018) . The current study also found a negative association between education level and the number of pDDIs. Patients with high education levels were found to have less pDDIs. This finding has not been described as a predictor for pDDI in the literature. However, studies suggest that patients with low education have a higher probability of polypharmacy, and which indirectly suggests an association with an increased number of pDDIs (Haider et al., 2009) .
In Jordan, the lack of patient centered practice and lack of effective communication between healthcare providers and patients may result in such Drug Related Problems (DRPs) (Yasein et al.,2017) . Also, the inadequate coordination between health care providers in different health sectors (i.e., collaborative or coordinated care) and multiple prescribers could explain the high prevalence of pDDIs in Jordan (Al-Qerem et al., 2018) . Moreover, the lack of medication review services in Jordan may contribute to preventable DDIs and DRPs. Given the aforementioned explanations, Jordanian patients are highly susceptible of a 'prescribing cascade' that starts with an ADR misinterpreted as a new medical condition and ends with the initiation of a new unnecessary medication that will ultimately result in more DRPs and endure a considerable cost to the healthcare system (Rochon and Gurwitz, 1997; Arabyat et al., 2019) .
Therefore, more intensive and organized management of patients with polypharmacy is recommended. An effective medication review should be accomplished each time a new medication is prescribed to avoid significant DDIs. Additionally, drug alternatives should be considered where medication benefits can be achieved while avoiding DDIs. This can be accomplished by the efficient implementation of clinical pharmacy services in hospitals and outpatient clinics. Clinical pharmacists are the most qualified healthcare experts for the selection of proper drug combinations which minimize DDIs and ADRs (Al-Hajje et al., 2012) . Finally, better communication between different health care providers in different health institutions is needed to improve polypharmacy patient care and management.
Conclusion
Despite the reported advances in health care systems, patients with polypharmacy are still at elevated risk for DDIs with significant clinical impact. Our study showed that 96% of polypharmacy patients at outpatient clinics have at least one potential DDI. Almost half of the detected interactions were involved with cardiovascular medications. The majority of these potential interactions had moderate severity, with no more than 10% of the interactions requiring therapy modification. Std: standard; IHD: ischemic heart disease; BMI; body mass index; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease.
